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TINJAUAN DAN KAJIAN MENYELURUH AKUAKULTUR TILAPIA DI 
MALAYSIA DENGAN PENEKANAN PADA STRATEGI PENGELUARAN 
DAN INPUT MAKANAN 
 
ABSTRAK 
Satu kajian mengenai akuakultur tilapia telah dikendalikan selama 10 bulan 
di antara November 2006 dan Ogos 2007 untuk mengumpul data tentang amalan 
ternakan ikan tilapia di Malaysia. Data-data terkumpul melalui temu-bual dengan 
104 orang petani dari lapan negeri merangkumi Negeri Sembilan, Pahang, Perak, 
Pulau Pinang, Sabah, Sarawak, Selangor dan Terengganu dengan pernekanan 
terhadap sistem penternakan dan input makanan. Berdasarkan jawapan-jawapan 
diterima, sistem-sistem ternakan utama yang digunakan di Malaysia adalah kolam 
tanah (40%), penternakan dalam sangkar (32%) dan kolam bekas tapak lombong 
(24%). Keputusan statistik berdasarkan data input daripada tinjauan menunjukkan 
penternakan dalam sangkar sebagai sistem terbaik dengan hasil pengeluaran tertinggi 
walaupun tidak mempunyai perbezaan ketara. Tambahan pula, kos makanan didapati 
sebagai kos pengeluaran tertinggi (> 50%) untuk penternakan tilapia di Malaysia 
terutamanya bagi sistem penternakan dalam sangkar (66.68 – 71.77%). Kos 
pengeluaran yang tinggi didapati berkaitan dengan penggunaan makanan ikan 
komersial dalam lebih daripada 90% ladang-ladang yang ditinjau. Tiga jenama 
makanan ikan utama yang paling banyak digunakan ialah Cargill (33%), Star 
Feedmills (30%) dan Dindings (21%). Peningkatan dalam harga makanan ikan 
komersial dan penternakan tilapia merah hibrid yang mempunyai kadar pertumbuhan 
yang lebih perlahan mengakibatkan penternakan tilapia di Malaysia semakin kurang 
menguntungkan dari segi ekonomi. Oleh itu, satu eksperimen telah dikendalikan 
untuk mengkaji potensi protein tumbuhan sebagai makanan tilapia dan 
xiv 
mencadangkan penggunaan “Genetically Improved Farmed Tilapia” (GIFT) dalam 
akuakultur untuk meningkatkan pengeluaran dan mengurangkan kos pemakanan. 
Kajian pemakanan selama 98 hari telah dikendalikan untuk menentukan 
kesan-kesan beberapa tahap protein dan lipid terhadap prestasi pertumbuhan, 
komposisi tisu dan indeks biologi bagi GIFT (Oreochromis niloticus) dan tilapia 
merah hibrid (Oreochromis sp.). Tiga diet berasas tepung kacang soya (melalui 
proses penapisan minyak) dan minyak kacang soya (terkandung dalam soya penuh 
lemak) dirumuskan untuk mengandungi 25, 30 dan 35% protein kasar masing-
masing. Kesemua diet (S30, S35 and S40) dirumuskan untuk mengandungi 6 – 7% 
lipid mentah dengan 5% serbuk ikan dan 0.5% minyak ikan ditambahkan sebagai 
pemikat. Prestasi pertumbuhan, FCR dan pekali kebolehcernaan adalah nyata sekali 
lebih baik (P < 0.05) dalam ikan GIFT berbandingan tilapia merah hibrid. Diet S40 
didapati merupakan diet terbaik berbanding dengan makanan tilapia komersial (S32). 
Jumlah kos pengeluaran adalah lebih rendah sebanyak 45% bagi ikan GIFT dan 36% 
bagi tilapia merah hibrid masing-masing berbanding dengan diet komersial. Pada 
keseluruhannya, pertumbuhan ikan dalam kajian ini adalah memuaskan. Penggantian 
tepung ikan dan minyak ikan dengan tepung kacang soya terbukti berjaya 
mengurangkan kos pengeluaran dari segi kos pemakanan tanpa menjejaskan prestasi 
pertumbuhan dan kesihatan spesies yang diternak. 
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A COMPREHENSIVE SURVEY AND STUDY OF TILAPIA 
AQUACULTURE IN MALAYSIA WITH EMPHASIS ON PRODUCTION 
STRATEGIES AND FEED INPUTS 
 
ABSTRACT 
A survey was conducted over a period of 10 months between November 2006 
and August 2007 to collect data on tilapia culture practised in Malaysia with 
emphasis on farming systems and feed inputs. A total of 104 farmers from eight 
states comprising Negeri Sembilan, Pahang, Perak, Pulau Pinang, Sabah, Sarawak, 
Selangor and Terengganu were interviewed. Based on the responses received, major 
farming systems used in Malaysia were earthen ponds (40%), cage culture (32%) and 
ex-mining pools (24%). Statistical results suggested cage culture as the best 
performing system with the highest production yield although not significantly 
different (P > 0.05). Feed costs (> 50%) were found to be the highest contributor to 
production cost of culturing tilapia in Malaysia especially in cage culture systems 
(66.68 – 71.77%). High production cost was found to be caused by the use of 
commercial tilapia feed in over 90% of the farms surveyed. Three major aquafeed 
brands used by the farmers observed during the survey were Cargill (33%), Star 
Feedmills (30%) and Dindings (21%). Increase in commercial feed price and 
cultivation of the slower growing red hybrid tilapia (the main species farmed in 
Malaysia) has made tilapia culture in Malaysia less economically attractive in recent 
years. Therefore, a feeding trial was conducted to source for possible plant protein-
based diets for red hybrid tilapia and to suggest a better strain for culture in an effort 
to help boost tilapia production while reducing feed costs.  
 A 98-day feeding trial was conducted to determine the effects of various 
dietary protein and lipid sources on growth performance, tissue proximate 
xvi 
composition and biological indices of red hybrid tilapia (Oreochromis sp.) and 
Genetically Improved Farmed Tilapia (Oreochromis niloticus). Three soybean 
protein (solvent extracted dehulled soybean meal) and soybean oil (as in contained 
dehulled full fat soybean meal) based diets were formulated to contain 25, 30 and 35% 
crude protein. Performances of the formulated diets (S30, S35 and S40) were 
compared against a commercial diet of 32% crude protein (C37). All formulated 
diets contained 6 – 7% crude lipid with 5% fishmeal and 0.5% fish oil added as 
attractant. Growth performance, food conversion ratio and digestibility coefficients 
were significantly (P < 0.05) better in the GIFT strain compared to red hybrid tilapia. 
Diet S40 was found to be the best performing diet. Total production costs of fish fed 
S40 were lowered by 20.4% and 75.8% in GIFT and red hybrid tilapia, respectively, 
compared to those fed the commercial diet. Overall, growth performances of both 
strains were satisfactory. Near total substitution of fishmeal and fish oil with solvent 
extracted dehulled soybean meal and full fat dehulled soybean meal proved to be 
successful in reducing feed costs without adversely affecting the growth performance 
and health of the cultured species.  
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CHAPTER 1 
INTRODUCTION 
 
Globally, marine capture fisheries are diminishing each year and most of the 
major fishing areas have reached their maximum potential whereby 52% of global 
fish stock have been fully exploited and 17% over-exploited (Bostford et al., 1997; 
Garcia and de Leiva Moreno, 2000; FAO, 2005). The recent increase in fuel prices 
has also paralysed the fishing fleet of many countries as it is no longer profitable to 
catch fish in the oceans. On the contrary, per capita consumption of fish is increasing 
each year due to the rapidly expanding world population. Consequently, feeding our 
growing world population with adequate animal protein and maintaining the 
performances of food sources in the effort to increase yield and production output 
has become a major issue.  
Capture fisheries production stays virtually plateau since the 90’s and has 
shown signs of depletion each year (Figure 1.1). Nevertheless, capture fisheries and 
aquaculture supplied the world with 106 million tons of food fish in 2004, equivalent 
to 16.6 kg per capita supply (live weight equivalent) excluding aquatic plants (FAO, 
2006b). World fisheries production in 2005 has even marked an increase of over 1 
million tons compared with the previous year albeit the decline in capture fisheries, 
compensated by the increase in aquaculture production (FAO, 2006b). 
According to the Food and Agriculture Organization (2006b), aquaculture has 
become the fastest food production sector in the world, expanding at an annual rate 
of about 8%. Aquaculture production has grown progressively since the 90’s and 
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The Malaysian government has thus targeted tilapia as the major freshwater 
aquaculture species in the country under the third National Agricultural Policy 
(NAP3, 1998 – 2010) (MOA, 1999). Plans were formulated to target a total tilapia 
production of 160,000 metric tons in the country by the year 2010. In 2006, the 
official estimate of tilapia production in Malaysia was only about 30,000 tons.  
In order to help, support and monitor the government’s efforts in increasing 
tilapia production, a field survey was conducted to gather baseline data on 
parameters such as land status, water use, culture systems, farming practices, feed 
inputs and management,  production costs, tilapia markets and price, access to seed, 
labour and support services, and other farm profile data. Considering that feed costs 
can account for up to 85% of the operation costs of tilapia farms depending on the 
type of culture system practiced, a major emphasis of Part 1 will be to evaluate the 
feed inputs used in the farming of tilapia in Malaysia. 
The objectives of Part 1 are as follows: 
1.  To collect on-farm up-to-date data on tilapia farming in Malaysia through 
interview with farmers and their representatives by a single interviewer to 
reduce bias. Tilapia farms of various sizes and production capacity were 
selected for the comprehensive field survey.  
2.  To evaluate the production strategies and feed inputs used in the various 
tilapia farming systems in Malaysia. 
3. To perform biochemical analysis on feedstuffs collected from tilapia 
farms including commercial feeds and ingredients, and/or farm-made 
feeds where available. 
4 
4. To use empirical mathematical models to estimate production function on 
the farm; highlighting production, costs and problems of tilapia farming 
in Malaysia.  
5. To recommend strategies to stimulate the expansion of the tilapia farming 
industry in Malaysia. 
No doubt growth in aquaculture is a possible solution for sustainable 
fisheries. As the solution to the management of depleting fisheries, aquaculture is 
believed to be able to relieve pressure on the current deteriorating marine fisheries 
industry. However, there are conflicts between aquaculture and marine fisheries. 
Apart from being the solution, it is also the contributor to the collapse of the world 
fisheries stock (Naylor et al., 2000; Naylor et al., 2001). As one of the major protein 
source in most aquafeed production, intensive and semi-intensive aquaculture 
systems consumed 2 – 5 times more fish protein in the form of fishmeal to feed 
farmed species than is supplied by the industry.  
On the other hand, the cost of feeds is one of the major obstacles in 
aquaculture production. As the biggest single variable cost, it can go up to more than 
70% of the total production cost, keeping tilapia farming from becoming 
economically lucrative. However, feeding cost can be reduced by minimising protein 
in feeds and/or substituting expensive marine fish meal and fish oil with cheaper 
plant ingredients because substituting vegetable oil for fish oil in freshwater fish is 
technically possible (De Silva and Gunasekera, 1989; Lim and Akiyama, 1992; 
Cremer et al., 2002a, 2002b; Bahurmiz and Ng, 2007).  
In the search for cheaper raw material of plant origin in fish feed, it is 
important to ensure that the substitution does not affect the growth rate or health of 
5 
the fish as well as quality of the final product. Owing to the fact that plant protein has 
a different amino acid profile than fish protein, it is necessary to ensure that the 
amino acid profile of diets with plant protein provide adequate amounts of essential 
amino acids for the fish. 
Therefore, one possible candidate could be soybean meal. It is the oilseed 
meal that has the most similar profile as fishmeal amongst the other plant protein 
sources (Torsvik, 1998; Hempel, 1999). Although livestock, especially poultry and 
swine industry (Naylor et al., 2001), used to be the major consumer of fishmeal, 
soybean meal has taken over the role of fishmeal as the major protein source in 
livestock feeds. Yet, the incorporation of soybean meal is still relatively small scale 
for aquafeeds which is dominated by fishmeal.  
Consequently, in the effort to evaluate the possibility of near total substitution 
of fishmeal with plant protein, an experiment was conducted in the second part of the 
study to evaluate the performance of dehulled soybean meal and full fat dehulled 
soybean meal in formulated aquafeeds when compared with a commercial extruded 
feed.  
The objectives for Part 2 are as follows: 
1. To formulate economical and practical alternative feeds for commercial 
tilapia aquaculture.  
2. To conduct a feeding trial in the effort to evaluate the actual 
performances of the formulated diets under farm condition.  
3. To evaluate the effect of feeding formulated plant protein based diets and 
commercial diet on the growth performances and feed utilisation of two 
6 
strains of Tilapia; Genetically Improved Farm Tilapia (GIFT) and Red 
hybrid tilapia (Oreochromis sp.). 
4. To evaluate the nutrient profile of the feed and end product using various 
statistical analysis and biochemical profiling. 
5. To evaluate the digestibility of formulated feeds in comparison with 
commercial feed. 
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CHAPTER 2 
LITERATURE REVIEW 
 
2.1 Historical introduction of aquaculture and tilapia 
Aquaculture by definition is the farming of organisms in an aquatic 
environment, inclusive of culturing fish, molluscs and aquatic plants, in a fresh, 
marine or brackish environment (Pillay and Kutty, 2005; Stickney, 2005; El-Sayed, 
2006). Since it is an expressive and comprehensive term, clarification must be made 
to denote the culture system, cultured species and the water body where the culture 
was practised.  
The practise of aquaculture can be traced back to ancient China and 
Egypt about 4000 to 5000 years ago (Ackefors et al., 1994; Pillay and Kutty, 2005). 
Although the documented time of aquaculture varies, most publications reported the 
first publication on aquaculture was written around 500 B.C. by a Chinese fish 
culturist, Fan Li (Ackefors et al., 1994; Pillay and Kutty, 2005; Stickney, 2005). 
However, the first tilapia culturist is believed to be the Egyptians who raised tilapia 
in earthen ponds around 2500 B.C. (Pillay and Kutty, 2005; Shelton and Popma, 
2006).  
In the past three decades, aquaculture has expanded, intensified, and made 
major technological advances. Most of the world’s recent increases in per capita food 
fish supply have been obtained from aquaculture. Worldwide, more than 1 billion 
people rely on fish as an important source of animal protein, healthy lipids, and 
essential micronutrients. 
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Cichlids are native to the African continent. To date, there are at least 900 
known species and estimated to be more than 1300 species worldwide (Kullender, 
1998). Of all the known species, none is marine except for some hybrids cultured in 
Bahamas and the Caribbean (Stickney, 2005). The introduction of the species outside 
the African continent was documented in the early twentieth century to some 90 
countries all over the world (Shelton and Popma, 2006).  
Although Cichlidae is the most species diversified fish family, only a few 
species are commercially important and farming significant. Species identified as 
commercially important are the Nile tilapia (Oreochromis spp.), including O. 
niloticus, O. aureus and various crosses of red hybrids of the former two species with 
O. mossambicus (Stickney, 2005; Shelton and Popma, 2006).  
These tilapias have many characteristics that favour the aquaculture industry 
including relatively short culture period (about 6 months), high tolerance to poor 
water quality and high stocking density, and high productivity rates. Figure 2.1 
depicts the top three cultured tilapia species produced in 2004 and 2006. Nile tilapia 
was the most cultured and produced species, followed by Mozambique tilapia and 
tilapia not elsewhere included (tilapia nei). 
The Mozambique tilapia (O. mossambicus) was first introduced to Malaysia 
during World War II. A recent study by Bhassu et al. (2004) revealed the genetic 
make-up of the tilapia population in Malaysia. They examined various strains of 
tilapia (Chitralda, Philippines, Taiwan strains and O. mossambicus) obtained from 
various regional and local commercial breeders. The cultured species in Malaysia 
was identified as O. niloticus and O. mossambicus or the cross-breed of both 
(Oreochromis sp.). 
F
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advances contributed in boosting production of farmed tilapia and masked the lack of 
attention to their genetics in the 1970s and 1980s. During the 1980s, some 
consequences due to the lack of attention to tilapia genetics began to emerge. The 
period from the 1960s to the 1980s represented about 40 tilapia generations of 
missed opportunity for genetic improvement (ADB, 2004). 
The bottleneck of tilapia production was identified as the poor genetic quality 
and diversity of Asian farmed tilapia (Pullin, 1988). Hence, the International Center 
for Living Aquatic Resources Management (ICLARM, now the WorldFish Center) 
initiated the GIFT (Genetic Improvement of Farmed Tilapias) project in 1988 funded 
by the United Nations Development Program (UNDP) and the Asian Development 
Bank (ADB) (Gupta and Acosta, 2004). The project highlights the improvement 
breeds of Nile tilapia for better production yield and lower production cost (Dey and 
Gupta, 2000).  
The GIFT project was found to be successful. The culture performance of the 
GIFT strain compared to the best local non-GIFT strains in China, Philippines and 
Thailand was found to outperform the local fish. GIFT strains were able to survive 
well in pond and cage systems, present higher body weight at harvest and resulted in 
lower production costs (Dey and Gupta, 2000; Gupta and Acosta, 2004).     
As a result, the Philippines has always been a major tilapia producer in 
Southeast Asia (SEA), followed by Indonesia and Thailand. All three countries have 
adopted the low-cost production of GIFT tilapia. However, Malaysians favour the 
red hybrid tilapia (Oreochromis sp.) over the GIFT owing mostly to the appearance 
of the red hybrid tilapia. Nevertheless, Malaysia ranked fourth in this region with 
29,810 mt produced in 2006, valued at over 36 million US$ (Table 2.1). All the 
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major tilapia productions in SEA including Thailand, Indonesia, the Philippines and 
Malaysia are produced in inland freshwater or brackish water systems.  
 In general, tilapia production is increasing steadily in the Philippines, 
Indonesia and Malaysia. With growing concern on healthy eating, the growing 
population and attempts to feed the poor with adequate animal protein, there is still 
room and potential for the tilapia industry in the SEA to grow.   
 
Table 2.1    Tilapia production in Southeast Asian countries from 2000 to 2006, tons 
/ '000 US$1 (FAO, 2009). 
  
Country 2000 2001 2002 2003 2004 2005 2006
 
Brunei 
Darussalam 
 
14 
(41) 
NR2 
 
52 
(124) 
 
50 
(122) 
 
46 
(163) 
 
46 
(164) 
 
50 
(178) 
 
Cambodia 
 
370 
(881) 
 
359 
(836) 
 
376 
(827) 
 
476 
(1,047) 
 
500 
(1,100) 
 
400 
(880) 
 
600 
(1,320) 
 
Indonesia 
 
85,179 
(187,238) 
 
105,106 
(226,015) 
 
109,768 
(87,478) 
 
123,748 
(102,032) 
 
139,651 
(105,119) 
 
189,570 
(145,910) 
 
219,234 
(176,482) 
 
Lao People’s 
Dem. Rep. 
 
18,928 
(39,749) 
 
22,499 
(44,889) 
 
26,872 
(53,744) 
 
29,205 
(58,410) 
 
29,205 
(58,410) 
 
19,590 
(22,920) 
 
19,590 
(25,467) 
 
Malaysia 
 
18,471 
(25,347) 
 
16,253 
(21,233) 
 
20,757 
(22,179) 
 
22,560 
(30,582) 
 
25,642 
(35,469) 
 
28,635 
(39,681) 
 
29,810 
(36,271) 
 
Myanmar NR2 NR2 
 
1,000 
(3,000) 
 
1,500 
(4,500) 
 
2,000 
(6,000) 
 
2,000 
(6,000) 
 
10,000 
(30,000) 
 
Philippines 
 
92,579 
(102,161) 
 
106,746 
(100,977) 
 
122,399 
(113,795) 
 
129,996 
(116,763) 
 
145,869 
(132,589) 
 
163,004 
(172,069) 
 
202,040 
(241,746) 
 
Singapore 
 
37 
(143) 
 
52 
(131) 
 
142 
(298) 
 
65 
(187) 
 
53 
(144) 
 
37 
(111) 
 
40 
(99) 
 
Thailand 
 
82,581 
(57,903) 
 
84,510 
(51,103) 
 
83,936 
(62,719) 
 
98,376 
(66,348) 
 
160,407 
(119,649) 
 
155,065 
(125,612) 
 
153,064 
(121,666) 
        
 
1 Numbers in parentheses are values in thousand US dollar rounded up to the closest round 
number. 
2 NR = not recorded 
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2.3 Status of aquaculture in Malaysia 
The Malaysian government has targeted to produce 600,000 mt of seafood 
from aquaculture by the year 2010 under the Third National Agricultural Policy 
(NAP3, 1998-2010) (MOA, 1999). NAP3 is a guideline formulated by the Malaysian 
government for the development of the agriculture sector which includes fisheries 
sector. It emphasises development towards a fully modern and commercialised 
capture fisheries and aquaculture industry through exploitation of available resources 
on a sustainable basis.  
NAP3 promotes commercial scale aquaculture which will be adequately 
equipped with modern fisheries infrastructure and supported by comprehensive 
human resource development programs. Under the NAP3, the targeted total 
production of freshwater fish is 220,000 mt by the year 2010 with tilapia identified as 
the major fish species contributing about 160,000 mt.  
However, freshwater aquaculture production reported in 2006 (DOF, 2006a) 
was only 62,574 mt (Figure 2.3) with tilapia production contributing 28,886 mt 
despite a 78% increase in tilapia production since 2001. As a result, much remains to 
be done to accomplish the tilapia production target by the year 2010.  
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hybrid tilapia (Oreochromis sp.), accounting for about 81% of total tilapia production, 
the remaining being the black tilapia (O. niloticus, O. mossambicus or hybrids 
thereof).  
In comparison with her immediate neighbours Indonesia and Thailand, 
Malaysia still has a lot of catching up to do before she can be considered a major 
tilapia producing country. Due to easy access to fish and fish products, Malaysia is 
among the countries with the highest fish consumption in the world. As a cheap 
source of animal protein, fish is considered an important food item by locals. The 
Malaysian annual per capita consumption of fish was recorded as one of the highest 
(58.4 kg) between 2000 and 2002 (FAO, 2006a).  
However, the per capita consumption recorded in 2005 was only 53 but it is 
expected to rise further to 56 kg per capita in the year 2010 (Othman, 2006). With 
the need for national food security, poverty alleviation and to increase seafood 
exports, the Malaysian government has embarked on an ambitious plan to boost the 
agriculture industry (including aquaculture) in the country.  
2.3.2 Economical feasibility of farming tilapia in Malaysia 
The aquaculture sector in Malaysia contributed 0.366% of the total value of 
Gross Domestic Product (GDP) in 2001 and generated employment for over 20 
thousand people in the country (FAO, 2006a). The distribution of red hybrid tilapia 
fry in 2006 was estimated at 934.38 million pieces produced by 106 breeding centres 
and involved 6,671 ha of freshwater bodies (DOF, 2006a). Total culturists in the 
same year were estimated at 20,642 people. Following the FAO estimation (2006a), 
assuming the employment of four workers per farmer, the aquaculture sector was 
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able to generate working opportunities for over 80 thousand people in Malaysia in 
2006. 
In order to achieve 160 thousand mt by 2010, at least 21% annual increase of 
tilapia production between 2007 and 2010 is needed. Much effort have been done by 
the government sector such as releasing 8.37 million pieces of fish fry into various 
public water bodies and distributing 24.84 million fries to culturists in 2006 (DOF, 
2006a). Various incentive programs were also implemented to draw more educated 
young entrepreneurs into the aquaculture sector. Lakes and reservoirs such as Tasik 
Kenyir in Terengganu were gazetted as High Impact Project Aquaculture Industrial 
Zone (HIP-AIZ). Tilapia farmers in these areas fulfilling certain criteria are given 
help in terms of financial support, technical support for farm set-up and farm 
facilities upon approval by the local DOF or DOA.  
On the other hand, the export of tilapia is restricted and dominated by a few 
private tilapia producers in the country. These exporters are recognised by the 
Malaysian government for practising Good Aquaculture Practise (GAqP) and 
rewarded with the Farm Certification Scheme (SPLAM) (Othman, 2006). Export of 
tilapia commodities are mainly live fish to nearby Singapore or Thailand. As GAqP 
is not a requirement for finfish farming in Malaysia due to the lack of guidelines for 
finfish aquaculture activities, most culturists in this country do not practise GAqP 
since the maintenance is costly and time consuming. Unfortunately, this also limits 
the selling of tilapia products to international markets which fetch a higher price than 
the local market.    
Although the Malaysian government is keen on promoting tilapia farming in 
Malaysia, to attain the 21% annual growth in production will not be an easy task with 
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the current production rate. Since feeding costs can account for up to 85% of total 
production costs, it is considered a major obstacle to overcome. Undoubtedly, 
potential for the tilapia industry in Malaysia remains high with the support of various 
programs launched by the government and considering its potential in the 
international and domestic markets. Moreover, there is currently no baseline data to 
support the actual status of tilapia production in this country especially in regards to 
farming systems and feed inputs which pose the biggest threat to the tilapia industry 
in Malaysia. Therefore, it is timely a comprehensive survey of tilapia farming 
industry in Malaysia is conducted in order to help and support the efforts to increase 
tilapia production in the country. 
2.4 Feed and feeding tilapia 
Aquaculture is a profit oriented commercial farming of aquatic animal. 
Therefore, feeding tilapia becomes crucial to the economic feasibility of farming 
tilapia as feed is often the highest production cost among others. Besides, different 
species has specific requirements in dietary nutrition to promote maximum growth.  
Tilapias (Genus Oreochromis) are all omnivorous, feeding on a wide variety 
of food ranging from planktonic organisms (zooplankton and phytoplankton) to plant 
materials. Nevertheless, food preference vary in physiology, nutrition and feeding 
behaviour among species and maturation stages (Hertrampf and Piedad-Pascual, 
2000; Pigott and Tucker, 2002). As such, it requires a wide range of general 
knowledge on the targeted species to formulate the most suitable feed at the least 
possible cost. Most importantly, the feed should not negatively impact the health of 
the farmed animal or the final consumer of the fish. 
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 2.5 Nutrient requirements for tilapia 
 The main purpose of feeding is to provide complete nutritional feedstuffs to 
the farmed animal to enhance growth and support life maintenances and other 
activities. Imbalanced diets or deficiency in certain substances may cause retardation 
in fish and make them susceptible to diseases. As such, balanced feeds should 
contain adequate amounts of energy, protein and amino acids, lipid, carbohydrate, 
vitamins and minerals in order to fulfil all the nutrient requirements of the cultured 
species.  
2.5.1 Energy 
Energy is essential in dietary nutrition to sustain life processes of tilapia 
including metabolism, reproduction, physical activities and growth (Tacon, 1987; 
NRC, 1993; Bureau et al., 2002; Pillay and Kutty, 2005). Albeit the importance of 
energy in dietary requirements, it is not a nutrient. However, the intake of proteins, 
lipids and carbohydrates directly results in the release of energy through a series of 
oxidation processes of these major energy-yielding nutrients (Bureau et al., 2002).   
Poikilothermal animals like tilapia do not require as much energy as warm 
blooded animals in maintaining body temperature or excretion of urea and uric acid. 
Ammonia in their body is excreted directly through gills and as faecal 
material. Except for a small amount of energy lost through heat loss, fish are able to 
utilise more energy for tissue building under optimal conditions compared to 
terrestrial livestock (Pillay and Kutty, 2005). Therefore, it is very important to supply 
the fish with adequate energy because net energy after dissipation for maintenances 
and various metabolic processes will be retained in the body as new tissues.  
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2.5.2 Protein and essential amino acids 
Protein is the most expensive component in tilapia feed. These complex 
nitrogenous substances are composed of combinations of basic amino acids (AA) 
units. Digestion of dietary protein results in the breakdown of the complex mixture 
into AA or peptide chains of a few AA (Pillay and Kutty, 2005). These AA can be 
divided into essential amino acids (EAA) and non-essential amino acids (NEAA). 
AA profile of dietary proteins differs significantly among various protein sources 
(NRC, 1993). 
Moreover, protein is also identified as one of the major energy yielding 
nutrients (Gatlin, 2002) because the process of protein digestion releases energy for 
the uses thereafter. As the basic building nutrient, protein cannot be stored but  is 
continually utilised by the fish in replacing existing protein during maintenance, and 
building new proteins during growth and reproduction (Wilson, 2002),  while the 
remainder is converted into energy. Although the optimum level of crude protein in 
tilapia diets varies, Viola and Zohar (1984) had suggested 30 – 35% to be the 
optimum crude protein level in grower feed for hybrid tilapia (Oreochromis). Typical 
commercial diets for intensive culture usually contain 32% of crude protein (Lovell, 
2002). 
In fact, fish do not have a true protein requirement. The requirement in 
dietary protein is a means to obtain a well-balanced mixture of NEAA and EAA 
(Shiau, 2002; Wilson, 2002). Therefore, EAA and AA functions to fuel sufficient 
metabolic energy (ME) for carbohydrate and lipid metabolism (Tacon, 1987). Yet, 
the ten EAA required for the task cannot be synthesised by the animal body. 
Threonine, valine, leucine, isoleucine, methionine, tryptophan, lysine, histidine, 
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arginine and phenylalanine (the EAAs) can only be obtained by the animal through 
consumption of dietary protein.  
The amino acids composition in fishmeal is closest to that of the dietary 
EAA requirements of fish (NRC, 1993) making it the favourite protein source in 
commercial aquafeed. Besides being costly, excess protein intake requires more 
energy for deamination, leaving less for building new tissues. In the cases of 
deficiency, ME priority is given to life maintenance. Thus, imbalanced protein and 
amino acids in the diet (either in excess or deficit) will result in the collapse of the 
immune system (Gatlin, 2002) and cause retardation. As a result, a balanced dietary 
protein and amino acids requirements in feed (Table 2.2) refer to the minimum 
amount needed for the fish to achieve maximum growth (NRC, 1993; Fagbenro, 
2000; Gatlin, 2002). 
 
Table 2.2 Summary of protein and amino acids requirements for tilapia 
(Oreochromis sp.) and omnivorous species.  
 
Tilapia1
 
Omnivorous 
grower2 
Oreochromis 
niloticus3 
Energy (kcal DE/kg) 3,000 - -
Protein (Crude Protein, %) 32 35 32
 
Percent amino acids as percentage of diets  
 
Arginine 1.18 1.51 1.28
Histidine 0.48 0.64 0.47
Isoleucine 0.87 0.98 0.81
Leucine 0.95 1.79 1.34
Lysine 1.43 2.07 -
Methionine + cystine 0.90 0.91 1.06
Phenylalanine + tyrosine 1.55 1.83 1.50
Threonine 1.05 0.81 1.03
Tryptophan 0.28 0.21 0.19
Valine 0.78 1.16 0.94
  
1 NRC, 1993. 
2 Tacon, 1987. 
3 Fagbenro, 2000. 
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2.5.3 Lipids  
Lipids are the most energy-rich nutrients, providing 9.5 kcal/g compared to 
5.6 and 4.1 kcal/g provided by dietary protein and dietary carbohydrates, respectively 
(Tacon, 1987). Energy content in lipids is readily available for metabolism by 
aquatic animal. The protein-sparing properties in dietary lipids are able to provide a 
concentrated source of energy that is readily utilisable (Gatlin, 2002; Sargent et al., 
2002). The level of dietary lipid inclusion can be formulated to maximize the 
protein-sparing effect, retaining more dietary protein to be converted into muscle 
protein (Sargent et al., 2002) thus enhancing growth.  
In order to reduce the use of more expensive ingredients such as protein, 
NRC (1993) proposed that feed for a particular species should be formulated to the 
optimum energy to protein ratio. Besides energy storage, dietary lipids increase 
palatability of feed (Hertrampf and Piedad-Pascual, 2000), sustains normal health 
and growth (Gatlin, 2002), assists in absorption of fat-soluble vitamins and also a 
source of essential fatty acids (fuel to generate metabolic energy). 
However, excessive dietary lipids can disturb the balance of nutrient 
compositions and increase fat deposition in vital organ which in turn adversely affect 
the health and growth of the fish instead of promoting growth and yield. The 
inclusion rate for grower omnivorous species suggested by Tacon (1987) is 6% in 1:1 
fish oil to plant oil ratio. 
2.5.4 Carbohydrates 
Carbohydrate is the cheapest and most abundant ingredient among 
the energy-yielding nutrients in fish diets. Similar to protein, there is no specific 
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requirement for carbohydrate established for fish (Tacon, 1987). Carbohydrates are 
also a protein sparing nutrient (Pillay and Kutty, 2005) and the principal source of 
metabolic energy (Tacon, 1987). Diets without the inclusion of carbohydrates results 
in the catabolism of more priced nutrients such as protein and lipid for energy. Thus, 
sufficient inclusion of carbohydrate in proper balance with the other nutrients in fish 
diet is necessary to achieve higher growth rate and reduce feed price (Gatlin, 
2002). In the commercial feed industry, carbohydrates also act as binder and filler for 
extruded feeds.  
Carbohydrate requirement in feed vary among species, depending on the 
complexity of carbohydrate structure and source (Pillay and Kutty, 2005). Warm 
water omnivorous species, such as tilapia, are able to utilise a higher concentration of 
soluble carbohydrates in the form of uncooked starch (Tacon, 1987; NRC, 1993; 
Lovell, 2002; El-Sayed, 2006). However, tilapia digests lipids and proteins better 
than carbohydrates. Moreover, excess inclusion of carbohydrate in tilapia diet will 
depress growth and yield caused by anti-nutrient inhibitors present in various 
carbohydrate sources.  
Study shows heat treatment can partly solve this problem and that larger fish 
are able to utilise carbohydrate better than smaller fish (El-Sayed, 2006). For 
example, commercial extruded feed prepared under high moist temperature will 
cause starch to gelatinise and therefore improve digestibility. Nevertheless, inclusion 
rate should not exceed 40% in grower diet with maximum crude fibre of 4% (Tacon, 
1987). 
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2.5.5 Vitamins and Minerals 
  Minerals and vitamins are essential nutrients for all living organisms 
including aquatic animals. Minerals are inorganic elements and vitamins are organic 
elements in fish diets and fish body. Although both elements constitute a minute 
fraction of the feed, deficiency in these components is likely to adversely affect 
tissue formation, interrupt various metabolic processes, suppress growth and 
eventually, death of the animal.  
Unlike terrestrial animal, fish are able to derive certain minerals form its 
surrounding water. Therefore, the amount of absorption depends greatly on the 
availability of minerals, salinity, temperature and pH of the surrounding water. 
Aquatic animals absorb minerals in ion forms through the process of drinking water 
or through their gills, skin and fins. Minerals in fish are essential constituents of the 
exoskeleton and important for osmoregulation (Tacon, 1987).  NRC (1993) identified 
nine essential minerals for fish namely calcium, phosphorus, magnesium, iron, 
copper, manganese, zinc, selenium and iodine, to remain healthy and maintain 
normal performances. However, only magnesium, phosphorus and zinc are 
quantified for the requirement of juvenile tilapia.  
 On the other hand, vitamins are required by the animal in trace amounts from 
exogenous sources because vitamins are either not synthesised by the animal or 
insufficient to meet its needs (Tacon, 1987; NRC, 1993; Hertrampf and Piedad-
Pascual, 2000). Therefore, vitamins must be supplied through feed to ensure normal 
fish growth (NRC, 1993). Although, qualitative and quantitative amounts of vitamin 
requirements for tilapia is unknown (NRC, 1993), Jauncey (1998) suggested a 
general premix for intensive farming of tilapia (Table 2.3). He also suggested that 
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cyanocobalamin (B12), inositol, choline and menadione (vitamin K) can be excluded 
from the premix.  
 
Table 2.3 Vitamin premix (per kg feed) for intensive tilapia farming (Jauncey, 
1998).  
Vitamins Quantity
Thiamine (B1) 0 – 1 mg
Riboflavin (B2) 3 – 5 mg
Pyridoxine (B6) 0 – 1 mg
Retinol (A) 500 IU
Cholecaciferol (D3) 200 IU
Tocopherol (E) 10 mg
Pantothenic acid 3 – 5 mg
Nicotinic acid (Niacin) 6 – 10 mg
Ascorbic acid 50 mg
Folic acid 0 – 0.5 mg
Biotin 0 – 0.5 mg
 
2.6 Water quality requirements 
Environmental characteristics are major factors that affect the well being of 
tilapia under culture conditions. The reproduction and feeding habits, digestibility 
and survival rate of culture tilapia is directly affected by physical environmental 
parameters such as pH, salinity, dissolved oxygen and temperature (Halver and 
Hardy, 2002). Although different species show different ability to adapt to these 
changes, tilapia demonstrates a wide range of tolerance to these parameters.  
The success of tilapia culture in Asian countries owes very much to the 
tropical and sub-tropical temperatures. The optimum temperature for maximum 
performance is between 28 – 32°C (Lovell, 2002; El-Sayed, 2006). Their activities 
